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diarrheagenic E. coli genomes published and in progress
EHEC 0157:H7 (2 genomes in ERIC)
EAQEC (Sanger Centre)
EPEC (Sanger Centre)

Fscherichin v | © 60 [GL

13 others, including
NIH-MGP (TIGR)
Universitat Miinster
Kitasato University
Institut Pasteur and Genoscope

*thanks to J. Kaper
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Shigella genomes published and in progress
S. flexneri (2 genomes in ERIC)
S. sonnei (Sanger Centre)
S. dysenteriae (Sanger Centre)

others, including e —
S. boydii (TIGR) =
S. dysenteriae (TIGR)
several from China?
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Salmonella genomes published and in progress
Typhi (2 genomes in ERIC)
Typhimurium (1 genome in ERIC)
Paratyphi A (1 genome in ERIC)
Choleraesuis (1 genome in ERIC)
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Salmonels is
+ Newves Smith, first dasmbed them in 1885, They are d bacteria, usually motile and possessing a
The nomendature of Salmanalis strains |s \-'Erx' tonfusll’\u, with different serovars being
IJu-.Iurl.llLd a% dlﬂuullL speows. To compheabe matters, serovars of Sxmonels can be cubgrouped even further by ‘phage type,” based
it the spiehety of phage to diferentiati bebwiee estremily dosely rlated badena. More Bhan 2000 "speaes’ have boen dassdied,
Far more an Saimoneliz nomenclature, see J.P. Euzéby’s List of Bacterial Names with Standing in Nomenclature,

Anumber of Salmonellz speces are pathogenic, and some strains display host specificity for humans or for different livestock species.
Salmenellosis is genarally characterized by diarrhea, cramping, nausea, vomiting, and favar. The nastruem:armsdls usuzlly short-lived

- p o J and mild, but 2 few strains produce a severe and often fatal disease, marked by i fever, | pain and
n Ive rsl 0 I n 0 l s fallowieed in somie s by mtesbna ruptue, nteral bieedng, shock, and death.
Salrrrrfe 15 usually sproad by mgestion of feod or waber conbaminated with arsenal feees, sthough som human-spocbe stres are
srizadd i human feeal sources of contamsnation. Although mast S urvive: for long giricds in the environmest,

readily kiled by acid, so a large number must be ingestad for some to survive passage thraugh the stomach. Once the\: reach the
lowar small |r|Dest:nB, the bactaria attach to epithelial cells via an adhesin on the bactarial surface, This contact activates a type 101
secretion system, and bacterial substances transferred to the host cells induce endocytosis. The bacteria multiply within the
phagnss 1 o ure ast cases thee Bactena ane quickly b ug and killed by macrogha bt
the Bacly's nilammakory Fespons Gauss o re taon, risalting i diarrhies, Soee straimn: Killing by
macrophages and are spraad thraughaut the body; their subsequant ralaase by death of the maunuhaues lzads to a systamic
rasponse,

In general the strains we deal with here are different serovars of Saimonellz enterica. As their name suggests Salmonslla enterica are
involved in causing diseases of the intestines. The three main serovars of Saimonsls enterica are Tyohimurium, Enteritidis, and Typhi.

*salmonella.org

. m enterica serovar Typhi [,axvmnenb Typhi is the causative agent of typhoid fever. Although typhoid fever is not

sk irs e Urstioed Skt 5 iy Comiman in iy wanibries, ane cous o, often Fatal dee,
Hympnun-. of typhiict i ith, Unlike many othir Sarmitn, S, Typhi cn only infc
humans, and the main source of infection is from swallowing infectad water, Food may also be contaminated with 5. Typhi, if itis
washed or irrigated with contaminatad water, Unlike many bacteria, 5. Typhi can colonize the gall bladder, and the resultant
carriers - often as\‘mn!nmatu: -can shed huue numkers of bacteria (up to L0 billionjgram of feces) for years.
* Salmarmite s rovar ) wos unbl recently the most common couse of food posoning
by Satrncenrila 5 n |h.-um|-|| Staty Jr Caursis 2 byphoid-B dise i frucee, bt baamares £, Typhumunum dors not

nbi_an,

austa as savars ditassa a met el fatal The dizases i Ak diarrhas ramn
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Yersinia genomes published and in progress
Y. pestis (3 genomes in ERIC)
Y. enterocolitica (Sanger Centre)

10 - 12 others including e —

G- -8 O B [0 s pe—i - AL
I Salrronelts Enteritidis PT4 Seguencing complete Not Yot Available bl
Safrnogaelle bovgori 12419 SeguEncing complete NOL Yor Availabli
salmonells Paratyphi & ATCC 9150 Sagquencing complate (in queus)
Survey shotgun
Saimoneffa Paratyphi B
SPBT sequencing (4) Not Yet Available
- . Survey shotqua
Salmonells Arzanae - i
REKZI80 (346-80) sequencing () Not Yet available
COC 01-0005 (ATCC Survey shotgun
Salrmonedte Diarizonar "
BAA-639) SoOuencing (%) Not Yot available
Salronells Eoteritidis LES Finishing/gap closure Not Yet available
Salmonelia Paratyphl [Hat Indicated] Finishing/gap closure Mot Yet Available
Salmanefia Pullerum [Not Indicated] Fintshing/gap closure Not Yet Available
Safrnonedts Dublin [Mot Indicatied] Femshing/gap closure Not Yot Avalable
salmonells Choleraesuis [Mat 3 i pls Mot ¥et Available
Salmonelia Gallinarym 2687/91 Finishing/gap closure Mot Yet Available
Yersinia eaferocoliticn BOA1 (NCTC 13174) Sequencing complete Mot Yot Avalable
Yersinia pestis blovor Medigevalis  KiM Sequencing complete In ERIC BRC
Yerzinie peitis biovor Mediaeyalis :uigﬂir. avinulent to Sequencing complete In ERIC BRC
Yersiniy pestic biover Orientalis ~ Co92 Sequencing complete In ERIC BRC
Far moes plasts santact
Copyright © 2004-200F SRA International, Inc
Site updated Mardh 0%, 3005 L
-
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in addition to whole genomes, other relevant sequences that
might be added include:

plasmids, bacteriophage, “pathogenicity islands,” and other
mobile genetic elements

e.d., pPWR501 (S. flexneri 5A), R27 (Salmonella Typhi)

contigs from genome-scanning projects
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related genomes outside the BRC set are mirrored from UW
for comparative purposes:

commensal E. coli (K-12, others in progress)
extraintestinal E. coli (CFT073, others in progress)
Y. pseudotuberculosis

... and others as they become available

ERIC organisms

| ==
|
other enterobacteria

ASAP
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ASAP (A Systematic Annotation Package) for community annotation of genomes meets
needs for direct, community annotation (with authorship and annotation history
tracking), multiple annotations of features, evidence codes, using controlled
vocabularies, curatorial review, support of cross-genome comparisons, and web-
based updating and access.



ASAP can be populated with:

Unannotated draft genome
sequences

Preliminary annotations in tabular
format and associated sequences in
FASTA format

Genbank flatfiles

For the E. coli and Shigella spp. being
sequenced at TIGR, plan to populate
ASAP with annotations from the TIGR
automated analysis pipeline

Can track versions of sequences and
versions of annotations

Enteropathogen Resource Integration Center
ERIC-BRC Annotation

"
@ Query Genome Annotations - Mozilla Firefox
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All standard INSD Feature types are
supported, plus additional custom

types: conserved segment, contig,

delimiter (for separating contigs in a e e
“pseudomolecule,” island, prophage | e I
For each Feature, a detailed | e i
annotation page supports standard e e e e
and custom annotations (aka O . e —— oo
“gualifiers”) R O - ) S -
Basic information: type of Feature P —
(e.g., CDS, rRNA, tRNA), version of | [ =
the genome, location within the o |
genome (coordinates and orientation), Gy mE sam

actual sequences (nt, aa, flanking)

Rich Annotations: cormments, function
including Gene Ontology (GO),
molecular interaction, mutant
phenotypes, structures in PDB
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Evidence Code, Reference and Author [ ——_

te [2 gew o fomeis [k e

Annotations are immediately visible to publid 3~ = ——
but marked as ‘uncurated’ e o

Designated ERIC-BRC curators review all
annotations

Current curator-reviewed and community
contributed annotations, as well as
seguences, can be queried interactively,
downloaded in standard formats (Genbank
flatfile, tabular text and FASTA, soon GFF3),
extracted for deposition in Genbank

secen

Orthologs, experimental data, BLAST at
NCBI and selected pre-run BLAST reports, -
links to other resources
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GOALS

* up-to-date core annotations for existing and new
genomes

» standardization across genomes where appropriate
* value added through

— annotation/review by 5 dedicated curators

— community contributions

STRATEGIES
» |everage similarities across genomes
e focus on genes and processes relevant to BRC goals
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TASK BASED APPROACH TO ANNOTATION

Tasks are motivated by:

* relevance to virulence/pathogenicity

e community interest

° urgent need to standardize features across genomes
Advantages:

° curators develop and apply expertise in focused areas
° genes with related functions are handled together

* related genes from different genomes are handled
together
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Attachment and colonization:
Fimbriae and adhesins
Quorum sensing
Tissue tropism
Ability to use specific nutrients localized in the target zone
Resistance to host defense (acid resistance; urease, serum resistance)
Drug resistance mechanisms (efflux pumps)
Invasion of host cells:
Effectors translocated into the host cell
Cause changes to host cell morphology
Persistence in host cell
Resistance to or evasion of host defense mechanisms (oxidation, phagocytosis)
Interaction with internal host cell membranes (vacuoles, Golgi)
Bacterial motility in host cells
Replication in host cells
Mechanisms of dissemination to blood and other tissues
Suppression of host immune response

Regulation of invasion systems: bacterial sensor/effector systems, inducible gene
expression

Secretion systems:
Types | — IV mechanisms and components, specialization
Chaperones
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Toxins:
Heat-stable enterotoxins
Heat-labile enterotoxins

AB-type toxins
RTX-type
Hemolysins
Tec-type
Toxin delivery mechanisms
Serotypes and surface antigens:
Colanic acid
O-antigen
Enterobacterial Common Antigen (ECA)
LPS
H- and K-antigens
Islands, phages, plasmids and mobile DNA
Drug resistance
Iron acquisition and storage
Aerobic/Anaerobic pathways
Fatty acid and polyketide synthesis: multimodular (“factory”) proteins
The genetic basis for diagnostic tests in current use
Non-coding small RNAs
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Start Site Reassessment

whole-genome proteomics studies and gene-based microarray designs
assume accurate assessment of coding sequences

even the best gene prediction tools have problems with genes acquired by
horizontal transfer and those that encode small proteins or proteins with
transmembrane domains and/or signal peptides.

such genes include some of the best candidates for diagnostics (pathogen-
specific genes) and vaccine development (e.g., surface-exposed and
exported proteins).

wrong assignments in other genomes are readily propagated to new
genomes during annotation.

identifying coding sequences and annotating the correct translation start,
especially in the absence of experimental evidence, relies on a variety of
tools, including comparison across ortholog sets, codon usage patterns,
RBS (SD) predictions, and even transcription start predictions
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Pseudogenes

° mutant genes in a genome sequence, usually in comparison to a related
genome where the wild-type or “ancestral” state is seen

° distinguished from missense mutations, where the gene is still intact but
may have altered functionality

° genes disrupted by in-frame stop codons, frameshifts, insertion of IS
elements, prophages, or islands; gene remnants, the aftermath of deletions,
rearrangements, etc.

° implicated in the evolution of pathogens and their adaptation to new niches.

° inconsistently annotated in current genomes, and can actually be thought of
in two conflicting ways:

* in the context of evolution and comparative genomics: is a given gene
present or absent in a particular genome, and is it intact or disrupted?

* in the context of a given pathogen, are any partial genes actually
translated? is the consequence of a pseudogene something other than
the straightforward loss of function?
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Fine-tuning tRNA annotations

Islands often integrated into or near tRNA genes

tRNA genes within islands: improved expression of horizontally acquired
genes?

tRNAscan-SE does an excellent job, but does not distinguish between
different tRNAs with CAT anticodons:

@
o o
A A A
%7% ®*® (e} M non Wat
O—® o -
o) ©O—@ ol R
= = =
P8 P ®8s
BY 0O bobbé ©000 v B0 ® 1111 @
e e 88 OO0 ® T D008, g®
Q,  2reve 2000g LRI
& @@@ o— @ :
cC— G * e — @
®— @ ®—@ 5—@
@* @* c—c
% A % % @
L ©a0 @...@
tRNA-lle tRNA-Met tRNA-fMet

(elongator) (initiator)
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Diarrheagenic E. coli
and Shigella

Salmonella

rE Yersinia pestis
L. Yersinla enterocolitica

AR

250-500 100
MYA MYA
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Orthologs
* Semi-automated ortholog  [rwi— .o
determinaltion using @150 PR P, |

filtered BLASTP
reciprocal best hits

° Reviewed, corrected and
augmented by curators

* Annotators/curatorscan |-
transfer annotations from =
one ortholog to another o

* Lists of shared and

unigue genes to que
an(gI dov?mload. auer
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] 3 nate far e curatoe " |vecepn e
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Mauve multiple alignments, with display of annotated features
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almonella enterica subsp. enterica serowvar Typhi
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